Following the work of Stone and Wilson (1952a) on the enzymes of the tricarboxylic acid cycle found in cell-free extracts from the azotobacter, the system for oxidation of succinate has been studied in particular (Repaske, 1954 ). An account is given here of the preparation of cell-free solutions of the succinoxidase system and studies of the various components.
METHODS
Preliminary work showed that Azotobacter vinelandii strain 0 (A2otobacter agile var. vinelandii) yielded a more stable enzyme extract than any other species tried, and this organism was used throughout. Repaske (1954) and Alexander and Wilson (1954) have reported the essential details for growing and harvesting the culture and for making the enzyme preparations. The succinic dehydrogenase (SD) assay described by Repaske (1954) was used with minor modification.
A major modification (SD + F assay) used mammalian cytochrome c as hydrogen acceptor on the assumption that this was the natural acceptor, or similar to it. Comparison of results from the SD and SD + F assays might demonstrate the presence of a factor, such as Slater's (1949) , functioning between succinic dehydrogenase and the cytochromes. The following reagents were mixed at pH 6.0, and 0.1 ml of a suitable dilution of enzyme preparation added: 0.82 ml 0.04 M histidine, 0.07 ml 1 per cent cytochrome c (from horse heart, supplied by the Sigma Chemical Company), and 0.01 ml 0.1 M potassium succinate or distilled water (blank). The experimental and blank were read at 550 m,u in a Beckman DU spectrophotometer 1, 4, 7, and 10 minutes after the addition of enzyme. The net change in optical density (A560) was linear with 1 Present address: The E. R. Johnson Foundation for Medical Physics, University of Pennsylvania, Philadelphia, Pa. time, and succinate oxidation was calculated using a molar extinction coefficient for the 550 m, band of reduced cytochrome c of 27.7 X 108 (Margoliash, 1954) .
In both assays the reaction rate was proportional to enzyme concentration over a wide range, and the reaction was zero order during the time of measurement. Dilutions of the enzyme extracts were made using 0.05 M K2SO4 since they were unstable in distilled water. The bacterial succinoxidase, as measured by the SD or SD + F assays, was inhibited by pyrophosphate, malonate, oxalacetate and oxidized glutathione, in the same manner as is the mammalian dehydrogenase (Schlenk, 1951) . Antimycin inhibited cytochrome c reduction in the SD + F assay 50 per cent at a ratio of 1 antimycin:100 protein but failed to inhibit dye reduction in the SD assay even at a ratio of 1 antimycin:3 protein, in accord with the findings of Potter and Reif (1952) on animal succinic dehydrogenase. Sodium ions inhibited both assays and were excluded as far as possible. No stimulation of either assay was observed on addition of coenzymes or cofactors such as diphosphopyridine nucleotide (DPN), triophosphopyridine nucleotide (TPN), coenzyme A (CoA), adenosine diphosphoric acid (ADP), adenosine triphosphoric acid (ATP), lipoic acid, biotin, thiamin, or a flavin concentrate from the Sigma Chemical Company.
As the characteristic absorption maximum at 551 m,u of reduced cytochrome c was exhibited by the azotobacter extracts on reduction, the peak was taken as a measure of the cytochrome c component of the cells. A few crystals of sodium dithionite (Na2S204) were added to a suitable solution of the extracts, and the optical density difference between 551 and 542 m, observed on a Beckman DU spectrophotometer.
The oxidase system was assayed by standard manometric techniques; protein by the biuret method of Gornall, Bardawill, and David (1949) . Succinate was oxidized by these extracts without any lag period in contrast to whole cell suspensions; malate and lactate were oxidized much faster; but the Qo, (N) [,uL/mg N/hr] values for both succinate (250) and malate (1, 200) were very low compared with those of 14,000 for succinate (adapted) and malate obtained for whole cells by Williams and Wilson (1954) . The decrease in oxidase activities on sonic disruption probably arises from the breakdown of integrated enzyme systems, but the reason for the larger decrease in succinoxidase activity is unknown. No cofactor or coenzyme added improved the oxygen uptakes. Repaske (1954) has shown that hydrogen peroxide is not produced by succinate oxidation since oxygen uptake is not increased in the presence of catalase + ethanol. Phosphate inhibits the oxidation so histidine buffer was used; magnesium ions stimulate and were included in the asay.
Oxidation of malate was not stimulated by DPN plus flavin adenine dinucleotide as was succinate oxidation (Stone and Wilson 1952a) nor by glutamate, which should decrease, if not remove, oxalacetate inhibition (Stone and Wilson 1952b) . The effect of these and other additions is shown in table 1. The relative insensitivity to cyanide compared with animal cytochrome oxidase (Keilin, 1930 ) is notable.
Purification of the terminal oxidase. The cell suspensions after sonic disruption were centrifuged to remove cell debris. After 5 minutes in a refrigerated Spinco centrifuge at 145,000 x G all the activity remained in the slightly turbid supernatant. After 30 minutes at this speed about 60 per cent of the activity remained in the supernatant, then red-brown and completely clear, but there was no improvement in specific activity (Repaske, 1954) , which effects the reduction of dyes or mammalian cytochrome c in the presence of succinate without any added coenzymes and is inhibited by inhibitors of the mammalian dehydrogenase, apparently does not differ from that of mammals, the total succinoxidase does not behave like the analogous mammalian system. This is due to differences in the cytochrome components. The bacteria possess a red pigment that absorbs light of wavelength 415, 521, and 551 m,u, but while the pigment is spectroscopically similar to mammalian cytochrome c, it has been established as chemically, physically, and enzymatically distinct from it. The cytochrome c2 of Rhodospirillum rubrum (Elsden, Kamen, and Vernon, 1953) has a similar absorption spectrum but differs from both the mammalian and azotobacter pigments. Such results emphasize the risk in characterizing cytochromes on spectroscopic evidence alone, which is all that is available for most cytochromes reported in the literature. It is now clear that cytochromes with identical spectra need not be the same (Smith, 1954) 1955] hours. To the extent that it remains in the clear supernatant liquid after such centrifugation, the succinoxidase system of these extracts is "soluble". The oxidase systems, however, apparently remain associated with particulate matter, and purification has proved difficult.
Fivefold purification of succinic, malic, and lactic oxidases has been obtained by adsorption of nonspecific protein on alumina C 'y and zinc hydroxide gels. Dialysis of extracts lowered these activities which then could not be restored by any treatment tested.
The extracts oxidize reduced DPN, and this reaction can be coupled with the reduction of added mammalian cytochrome c. Cytochrome c is oxidized by the extracts in the presence of oxygen only if it has first been reduced by the extracts in the presence of reduced DPN or systems involving reduced DPN.
The bacterial extracts exhibit an absorption spectrum similar to that of mammalian cytochrome c, but evidence is presented that the bacterial cytochrome is chemically, physically, and enzymatically distinct from cytochrome c.
The bacterial cytochrome in the extracts has been concentrated fiftyfold, but not isolated, by an alkaline extraction procedure or by the use of cationic detergents. The possible role of this cytochrome in the bacterial succinoxidase system is discussed.
